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[DESCRIPTION] 

FIELD OF THE INVENTION 

[OOOl] This invention relates to a film/screen system for use in 

radiography. Particular it relates to a cassette adapted for use 
with roentgen apparatus with automatic exposure control. 

BACKGROUND OF THE INVENTION 

[0002] In medical roentgen diagnosis it is very important that 

the patient is exposed to a radiation dose that is as small as 
possible and that, given that small dose, the radiologist has a 
diagnostically useful image. The first requirement, low dose, for 
the patient leads to the necessity to have the right diagnostic 
image with the first shot and repeat exposures due to diagnostically 
meaningless images has to be avoided. The second requirement, 
getting a readable image with that low dose, leads to the necessity 
that the exposure time can be adjusted for various patients, e.g. it 
must be possible to get a good chest image of very slim patient as 
well as of an obese patient without having to repeat exposure. 
[0003] The manufacturers of roentgen equipment therefore 

introduced a photo timer. An X-ray apparatus the phototimer is 
placed either in the plane of the cassette or under the cassette 
depending on the intended use of the X-ray apparatus, e.g., in X-ray 
apparatus intended for mammography or thorax imaging, the phototimer 
is placed under (or behind) the cassette. An X-ray apparatus, 
wherein the phototimer is placed under the cassette operates 
basically as follows. An X-ray detector is placed under (i.e. on 
the side of the cassette farthest away from the X-ray tube) the 
cassette containing the film to be exposed to detect what X-ray dose 
is not absorbed by the patient and cassette. For every type of 
examination a threshold value for the dose reaching the phototimer 
is pre-set. This threshold value is determined by the parameters of 
the imaging chain (speed of the screens, speed of the film, contrast 
of the film, processing conditions of the film, etc.) and the 
parameters of the exposure (X-ray absorption of the body parts to be 
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examined, desired film density and contrast for accurate reading of 
the picture) The exposure system makes sure that as long as the 
dose on the phototimer has not reached the pre-set threshold value 
the X-ray tube will emit X-rays. After a certain time of exposure 
the phototimer will shut down the X-ray tube. The time of exposure 
is thus largely governed by the absorption in the patient, in the 
cassette, in the film and in the intensifying screens. As long as 
the absorption ©4 in the cassette, in the film and in the 
intensifying screens, is identical from exposure to exposure, the 
inclusion of the phototimer fulfils its purpose : variations in 
roentgen absorption of the patient are taken in account so as to 
have the same density and contrast on the film irrespective of the 
X-ray absorption of the patient. 

[0004] in a "cassette assembly", comprising a cassette, a film, 

and an intensifying screen, the intensifying screen itself absorbs 
most of the energy. Thus variations in the absorption of the 
screen, translate changes to the time the X-ray tube is operated 
that are not related to the patient, so it is of high importance to 
produce intensifying screens with very low variation, between 
batches as within batches, in X-ray absorption. This is especially 
so for screens having very high X-ray absorption, which is most 
likely to occur in those diagnostic situations where low energy X- 
rays are used. This is, e.g., so in mammography, where mostly X- 
rays with an energy of 27 kVp are used. Cassettes loaded with film 
and screen (s) absorb then 80 to 90% of the X-rays. When the 
cassette loaded with film and screen (s) has and X-ray absorption of 
e.g. 90%, variations of 1% in that absorption will cause a 
phototimer to keep the x-ray tube open for a time that varies around 
10%. This points out that, for high X-ray absorption, small 
absorption variations of the intensifying screens are enhanced by 
the phototimer system, so that exposure time variations can be an 
order of magnitude larger than the variations of the absorption of 
the system. The variation of the exposure time has an effect on the 
density of the film that, especially in mammography, are much larger 
than tolerated by regulations as, e.g., ACR 2002 (US -Norm) . Therefor 
measures for diminishing the variations of the X-ray absorption of a 
cassette loaded with film and screen (s) to an acceptable low level 
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is very desirable. 



OBJECTS AND SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to provide a "cassette 

assembly" with very low variations of the X-ray absorption. 
[0006] It is a further object of the invention to provide a 

"cassette assembly" with very low variations of the X-ray absorption 
for use with X-ray machines wherein a phototimer for automatically 
exposing the patient is placed under or behind the cassette 
assembly, i.e. on the side of the "cassette assembly" farthest away 
from the X-ray tube. 

[0007] It is a further object of the invention to provide a 

"cassette assembly" with very low variations of the X-ray absorption 
for use with X-ray machines emitting X-rays with an energy below 50 
kVp. 

[0008] Further objects and advantages of the invention will 

become clear from the detailed description herein after. 
[0009] The objects of the invention are realized by providing a 

cassette assembly comprising an X-ray cassette, with a tube side and 
a cover, and an intensifying screen, 

characterized that said cassette assembly further comprises a 
compensation element adapted to said intensifying screen so as to 
have a cassette assembly with predetermined X-ray absorption. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] In this document the wording "compensation element" is 

used to indicate an X-ray absorbing material that is added to a 
cassette assembly to non-image-wise increase the X-ray absorption of 
that cassette assembly. 

[0011] in this document the wording "cassette assembly" is used 

to indicate an element for use in roentgen diagnosis that comprises 
an X-ray cassette and an intensifying screen. 

[0012] During manufacture of intensifying screens the normal 

statistical variations in the manufacturing process create 
variations in the absorption of the intensifying screens. These 



ugn00036 



- 5 - 



variations are present within the batches as well as between the 
batches. The absorption of the different screens can be either 
normally distributed around an average or not. In both case the 
screen or screens with the maximum absorption are identified, if 
necessary after removal of accidental outliers. This maximum 
absorption is taken as the value of the absorption that has to be 
the standard for that type of screen. 

[0013] When the absorption of the screens is normally 

distributed, then on basis of the fabrication history of several 
batches of several types of X-ray intensifying screens the 6 sigma 
interval of the absorption due to statistical fluctuations during 
the fabrication of the screens, is determined for every type of 
screens. This 6 sigma interval is determined by irradiating each 
type of screen with the X-ray energy for which the screen is 
intended. For each type the upper limit of the 6 sigma interval is 
taken as the value of the absorption that has to be the standard for 
that type of screen. 

[0014] When the absorption of the screens is not normally 

distributed, then on basis of the fabrication history of several 
batches of several types of X-ray intensifying screens the range of 
the absorption due to statistical fluctuations during the 
fabrication of the screens, is determined for every type of screen, 
the accidental outliers are removed and the upper limit of the range 
is taken as the value of the absorption that has to be the standard 
for that type of screen. 

[0015] Small differences in X-ray absorption of the screens do 

have, when the screens are used in a diagnostic method using X-ray 
of low energy and phototimer switching, a large impact on the 
switching time of the phototimer. E.g. for screens to be used in 
mammography, it was determined that the absorption for X-rays with 
energy around 2 6 kVp could be considered as normally distributed and 
had an average value of 90 % and the 6 sigma range ran from 88.5 tot 
91.5 %. When cassettes loaded with screens with such variations of 
the absorption where exposed with the same X-ray tube, operated at 
2 6 kVp and 85 mA and with exposure control by a phototimer, the 
phototimer switched, for a screen with an absorption equal to the 
average, the tube off after 0.75 sec; for the screen with the lowest 
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absorption the tube was switched off after 0.67 sec, and the screen 
with the highest absorption the tube was switched off after 0.83 
sec. This comes down to a 6 sigma range of ± 12 % around the 
average value. Since the speed of the screen/ film system does not 
depend in to such an extent to the variations of absorption, the 
switching of the phototimer can result in unacceptable over or under 
exposure of the film, which then in turn can lead to either a false 
diagnosis or to a retake. 

[0016] It was now found that these (small) variations in 

absorption of the screen could, when the screen was placed in a 
cassette assembly, be compensated by adding a compensation element 
to the cassette assembly. This means that, in screens for 
mammography as described immediately above, for cassette assemblies 
incorporating a screen with absorption of 91.5 % , no compensation 
element was added to the cassette assembly, , while for all other 
screens a compensation element was added so has to bring the 
absorption to 91.5 %. The compensation element can be adapted to 
the absorption of every individual screen so that for every 
individual screen a dedicated compensation element is available. 
The range wherein the absorption of the various screens varies due 
to statistical variations of the manufacturing process, is divided 
in a number of classes, e.g., five classes. For each of the classes 
the average absorption is determined and the compensation element 
adapted to the average absorption of the screens in every one of the 
classes. When the classes are numbered from A to E, wherein E 
represents the class with the highest average absorption, then in 
the cassette assembly using a screen belonging to the classes A to 
D, a compensation element is added so as to bring the average 
absorption of the cassette assembly using a screen of those classes 
to the level of the average absorption of a cassette assembly using 
screens belonging to class E. The cassette assemblies using screens 
belonging to class E do in this case not receive any compensation 
element. Whether the correction for the variations in absorption of 
the screens is made so that the compensation element is adapted to 
the absorption of every individual screen or that the correction is 
only made for a number of classes of screens depends on the quality 
requirements in terms of density variations on the exposed film in 
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relation to the economic imperatives. When the correction is made 
for number of classes, the also this number is depends on the 
quality requirements in terms of density variations on the exposed 
film in relation to the economic imperatives. 

[0017] A compensation element for being added to a cassette 
assembly according to this invention can take any form, as long as 
it corrects the absorption of the cassette assembly for statistical 
variations in the absorption of the intensifying screens. It can, 
e.g., be a separate foil that is added or adhered in the cassette 
of the cassette assembly or that is added to the outside the 
cassette of the cassette assembly, e.g., by adhering this foil to 
the outside of the cassette by an adhesive. It can also be a 
material applied to the backside of the screen either by adhering a 
separate foil to the backside of the screen or by coating an X-ray 
absorbing layer on that backside. A xompensation element for use in 
a cassette assembly of this invention can further be a material 
applied to the cassette of the cassette assembly by coating an X-ray 
absorbing layer on the wall of the cassette, facing the X-ray tube 
(further on called "tube side") or on the opposite wall (further on 
called "cover"), or on both. The compensation element for a 
cassette assembly of this invention can also be incorporated in the 
tube side or in the cover or in both. 

The compensation element in a casette assembly of this invention, 
does not even to be incorporated in the cassette assembly, it can be 
provided to the customer when selling a casette loaded with a screen 
and then, when an exposure is made in an X-ray apparatus with 
phototimer behind the cassette, the customer can insert that 
compensation element between the cassette and the phototimer. 
[0018] The compensation element of this invention can be 
arranged in the cassette assembly so as to have it closer to the X- 
ray tube than the image forming part of the cassette assembly , 
i.e., the film/screen combination or it can be arranged so as to 
have it farther away from the X-ray tube than the image forming part 
of the cassette assembly. This latter position is a preferred 
embodiment of the invention, while then the compensation element 
does not risk to interfere with the signal to noise ratio of the 
imaging part. 
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[0019] It is preferred that in a cassette assembly of this 
invention, the compensation element is either present as a foil 
positioned in the cassette or that the compensation element is 
incorporated in the cover of the cassette. 

[0020] The material used for the compensation element of this 

invention can be any material that has a sufficient X-ray 
absorption . 

[0021] A foil as compensation element 

When the element is present as a foil, it can in fact be made of any 
material that absorbs X-rays. A compensation element for use in 
this invention can be made, e.g., of a polymeric material, a 
polymeric material containing a pigment, a polymeric material coated 
with a pigment containing layer, paper containing a pigment, paper 
coated with a pigment containing layer and a metal foil. The 
polymeric material can be a polycondensation polymer as, e.g., 
polyester, (e.g. ,polyethyleneterephathalate, naphthalene 
terephathalate) polyamide, polyimide, and polycarbonate. The 
polymeric material can be an addition polymer as, e.g., 
polyacrylate, polystyrene, polyvinylchloride , etc. When a polymeric 
material is used as compensation element, it is preferred to use a 
polymeric material that comprises at least 50 mole % of polymeric 
moieties incorporating an element with an atomic weight larger than 
20. More preferably, a polymeric material for use as compensation 
element in this invention, comprises at least 50 mole % of polymeric 
moieties incorporating an element with an atomic weight larger than 
3 0. A typical example of such a preferred polymeric material are 
polyvinylchloride and addition polymers comprising at least 50 % of 
moieties derived from chloroethene . It was found that with 
Polyvinylchloride (PVC) -foils having a thickness ranging from 50 to 
300 um resulted in compensations between 3.6 % and 27%. 
Thus the invention encompasses an X-ray cassette containing in order 
from tube side to back side: 
a silver halide film, 

an intensifying screen with a phosphor layer coated on the first 
side of a support, with said phosphor layer contacting said silver 
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halide film and 

a polymeric foil made from a polymeric material that comprises at 
least 50 mole % of polymeric moieties incorporating an element with 
an atomic weight larger than 20. 

When a foil comprising a pigment is used as compensation element, be 
it as a coated layer or with a pigment incorporated in the mass of 
the polymer or the paper, it is preferred to use an inorganic 
compound comprising atoms with an atomic weight higher than 20, 
preferably equal to or higher than 40. Preferred pigments are salts 
derived from a metal having an atomic weight higher than 20, 
preferably equal to or higher than 40 . Very preferred pigments are 
alkaline earth compounds, especially Ba compounds, Zn compounds, 
rare earth compounds, especially Gd compounds, Y compounds, and La 
compounds, compounds comprising tungsten or tantalum, and titanium 
compounds. Most preferred ZnO, CaW0 4 , BaS0 4 , PbO, Gd 2 0 2 S, YTa0 4 , 
BaFBr , LaOBr, ZnS and Ti0 2 are used as pigment. When a metal foil 
is used, the metal is preferably Al, Mg and Cu. 

In a very suitable embodiment of the invention the compensation 
element is a plastic foil coated with a dispersion of CaW0 4 in an 
amount between 0 . 1 and 3 mg/cm 2 . Adding such a foil to the screen 
results in compensations between 1 and 12 %. Thus the invention 
encompasses an x-ray cassette containing in order from tube side to 

back side: 
a silver halide film, 

an intensifying screen with a phosphor layer coated on the first 
side of opaque support, with said phosphor layer contacting said 
silver halide film and 

a polymeric foil having a coating containing between 0.1 and 3 
mg/cm 2 of CaW0 4 . 

Also adding a foil of Super White Polyethyleneterephtha-fchalate 
(SWP), i.e., polyethyleneterephthalate foils containing at least 10 
% by weight of BaS0 4 with respect to the polyethyleneterephthalate, 
to the screen can result in a correction, depending on the thickness 
of the SWP- foil, between 1 and 11 %. 

Thus the invention encompasses an X-ray cassette containing in order 
from tube side to back side : 
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a silver halide film, 

an intensifying screen with a phosphor layer coated on a support 
with said phosphor layer contacting said silver halide film and 

a SWP foil with a thickness between 5 and 2 00 um as compensation 
element . 

[0022] The compensation element as a coating 

Intensifying screens are very often coated on a black or non- 
transparent support and thus it is well feasable to coat a 
dispersion of pigment in a binder on the back side of the screen. 
The pigment for use in a dispersion to be coated on the back side of 
an intensifying screen can be any pigment as enumerated above, and 
thus the pigment is an inorganic material comprising atoms with an 
atomic weight higher than 20, preferably equal to or higher than 40. 
Preferred pigments are salts derived from a metal having an atomic 
weight higher than 20, preferably equal to or higher than 40. Very 
preferred pigments are alkaline earth compounds, especially Ba 
compounds, Zn compounds, rare earth compounds, especially Gd 
compounds, Y compounds, and La compounds, compounds comprising 
tungsten or tantalum, and titanium compounds. Most preferred ZnO, 
CaW0 4 , BaS0 4j PbO, Gd 2 0 2 S, YTa0 4 , BaFBr, LaOBr, ZnS and Ti0 2 are 
used as pigment. 

in a very useful embodiment of the invention the back side of an 
intensifying screen, coated on an opaque support, a dispersion of 
CaW0 4 is used. Although CaW0 4 emits light upon exposure to x-rays, 
this light will not penetrate the support of the screen and will 
thus not influence the exposure of the film. This is a very useful 
embodiment for equalizing the absorption of intensifying screens 
dedicated for mammography. In this case it is preferred to apply to 
the backside of the screen between 0.1 and 3 mg/cm2 of CaW04, which 
results in compensations between about 1 and 12 %. The dispersion 
of CaW04 can be made in any binder known in the art Suitable binders 
are, e.g., gelatin, polysaccharides such as dextran, gum arable, and 
synthetic polymers such as polyvinyl butyral, polyvinyl acetate, 
nitrocellulose, ethylcellulose , vinylidene chloride-vinyl chloride 
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copolymer, polyalkyl (meth) acrylate, vinyl chloride-vinyl acetate 
copolymer, polyurethane, cellulose acetate, cellulose acetate 
butyrate, polyvinyl alcohol, polystyrene, polyester, etc. These and 
other useful binders are disclosed e.g. in US-A2 502 529, 
US-A-2 887 379, US-A-3 617 285, US-A-3 300 310, US-A-3 300 311 and 
US-A-3 743 833. In a preferred embodiment the dispersion of the 
pigment , especially CaW04 , is made in a UV curable monomer or a 
mixture of UV curable monomers. Very suitable monomers are EBECRYL 
1290 a trade name of UCB OF Belgium for an aliphatic urethane 
hexaacrylate and EBECRYL 2 64 a trade name of UCB of Belgium for an 
alifatic urethane triacrylate. In the mixture a photoinitiator is 
added, preferably DAROCURE 1173 a trade name of Ciba-Geigy of 
Switserland for 2-hydroxy-2-methyl-l-phenyl-propan-l-one . 
Thus, this invention encompasses an X-ray intensifying screen 
comprising an opaque support carrying on one side a phosphor layer 
comprising a prompt emitting phosphor, e.g., a green emitting 
phosphor as Gd 2 0 2 S:Tb and on the other side of the support a layer 
containing a pigment as compensation element. Preferably said 
pigment is selected from the group consisting of ZnO, CaW0 4 , BaS0 4/ 
PbO, Gd 2 0 2 S, YTa0 4 , BaFBr, LaOBr, ZnS and Ti0 2 . Most preferably 
said pigment is CaW0 4 . 

The application of the layer containing a pigment on the back side 
of the screen can most beneficially proceed by screen printing, 
which makes it possible to accurately adapt the absorption of the 
back layer. 

[0023] A compensation element for a cassette assembly of this 

invention can also be a coating as described above that is applied 
on the wall of the cassette, facing the X-ray tube (further on 
called "tube side") or on the opposite wall (further on called 
"cover"), or on both. When this is done it is preferred to have the 
coating applied to the cover of the cassette. It is also possible 
to incorporate X-ray absorbing materials in the material for 
manufacturing the cover of the cassette. Thus when the compensation 
is done by dividing the range wherein the absorption of the various 
screens varies due to statistical variations of the manufacturing 
process, in a number of classes, e.g., five classes, five covers 
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with different X-ray absorption are provided. For each of the 
classes the average absorption is determined and as "compensation 
element" the absorption of the cover is adapted to the average 
absorption of the screens in every one of the classes. When the 
classes are numbered from A to E , wherein E represents the class 
with the highest average absorption, then in the cassette assembly 
using a screen belonging to the classes A to D, a cover is used as a 
"compensation element" that has an X-ray absorption so as to bring 
the average absorption of the cassette assembly using a screen of 
those classes to the level of the average absorption of a cassette 
assembly using screens belonging to class E. 

[0024] The invention encompasses also a method for radiography, 

comprising the steps of : 

- providing a cassette with a front and back side containing an 
intensifying screen near said backside and an X-ray film with an 
emulsion layer in contact with said intensifying screen and a 
compensation element between said intensifying screen and said 
backside, 

- exposing a patient, placed between an X-ray source and said front 
side of said cassette, by having said X-ray source emitting X-rays, 

- registering an X-ray dose in a phototimer placed behind said 
backside of said cassette and 

- having said phototimer end said exposure of said patient when a 
threshold X-ray dose has been absorbed by said phototimer. 

[0025] The invention encompasses also a method for mammography 

comprising the steps of : 

- providing a cassette with a front and back side containing an 
intensifying screen near said backside and a single sided X-ray film 
with an emulsion layer in contact with said intensifying screen and 
a compensation element between said intensifying screen and said 
backside, 

- exposing a patient, placed between an X-ray source and said front 
side of said cassette, by having said X-ray source emitting X-rays 
having an energy between 2 0 and 50 kVp, 

- registering an X-ray dose in a phototimer placed behind said 
backside of said cassette and 
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-having said phototimer end said exposure of said patient when a 
threshold X-ray dose has been absorbed by said phototimer. 
[0026] The use of compensation elements according to this 
invention is explained with intensifying screens, while the 
invention is most useful with cassettes containing intensifying 
screens (prompt emitting screens) and silver halide film in contact 
with said screens. By using a compensation element in a cassette of 
this invention the reproducibility of the X-ray image becomes almost 
as good as the reproducibility of an x-ray image acquired by digital 
radiography with storage phosphor screens, wherein variations in 
absorption of the screen can electronically be compensated. Thus 
the present invention bring the reproducibility of classical 
radiography with prompt emitting screen/ film combinations to the 
level reached in digital radiography with storage phosphor screens. 



